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(54) Single stage microactuator for multidimensional actuation with muiti-foided spring 



(57) A single stage microactuator for multidimen- 
sional actuation is provided. The single stage microac- 
tuator includes a substrate, a fixed plate electrode, a 
rectangular stage, a plurality of drive frame parts each 
having a plurality of drive frames, first spring parts each 
having a plurality of spring members and a plurality of 
spring holding members, a plurality of fixed frame parts. 



drive comb electrodes, fixed comb electrodes, and sec- 
ond spring parts. The microactuator enables multidirec- 
tional actuation with only one electrode and can be man- 
ufactured by a simple process without a need for an in- 
sulation process and coupling of motions in different di- 
rections does not occur due to multi-folded spring struc- 
ture. 
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Description 

BACKGROUND OF THE iNVENTiON 

1. Field of the Invention 5 

[0001] The present invention relates to a single stage 
microactuator for multidimensional actuation with multi- 
folded springs, and more particularly, to an x-y stage 
microactuator for a scanning probe microscope (SPM) fo 
technique based data storage system. 

2. Description of the Related Art 

[0002] A scanning probe microscope (SPM) tech- 15 
nique based data storage system includes a data stor- 
age medium, an actuator for moving the data storage 
medium seated on a stage in x- and y-directions, at least 
one probe having a tip for writing information In or read- 
ing information from the data storage medium, and a sig- 20 
nal processor for processing an information signal. 
[0003] Multiple probes can write or read one or more 
Information signals at the same time. For information 
signal writing or reading, a tip of each probe should be 
positioned close to a_medlum. Thus, each of the multi- 25 
pie probes needs an actuator and sensor. The actuator 
serves to move the probe such that the tip is close to 
the medium. The sensor reads Information from the me- 
dium by sensing actuation of the probe according to the 
Information. 30 
[0004] For biaxial or multidimensional actuation, for 
example, In x- and y-directlons, at least three electrodes 
are required for an actuator for single-axlal single-direc- 
tional actuation and at least five electrodes are required 
for signal-axial bi-directional actuation. According to U. 35 
S. Patent No. 5,536.988, an actuator having multiple 
electrodes for multidimensional motion Is formed In a 
single silicon structure by Insulation utilizing thermal ox- 
idation of selected regions of the device. This method 
can resolve electrode related problems occurring in mul- 40 
tidimensional actuation, but needs complicated proc- 
esses. 

[0005] Meanwhile, In an article presented in MEMS 
92 by P f: !ndermuehle et al., the use of one electrode 
for biaxial motion is disclosed. This method is simple be- "^5 
cause there is no need for an Insulation process, but a 
coupling problem occurs in biaxial actuating because of 
the structure of an actuator using one electrode. Fur- 
thermore, this structure cannot be directly applied to a 
large stage for storage devices due to structural insta- 50 
bllity (easy rotational motion around the vertical axis to 
an actuating plane) and usable region inefficiency of the 
stage with respect to the dimension of the microactuator 
(space lost by the length of spring between the stage 
and actuator). 55 



SUMMARY OF THE INVENTION 

[0006] To solve the above-described problems, it is a 
first object of the present invention to provide a single 
stage microactuator for multidimensional actuation with 
multi-folded springs, which utilizes one electrode for 
multidimensional motion, and thus the manufacturing 
process is simplified without a need for an insulation 
process. 

[0007] It is a second object of the present invention to 
provide a single stage microactuator for multidimension- 
al actuation with multi-folded springs, In which coupling 
of motions in the x- and y-dlrections can be effectively 
suppressed. 

[0008] It is a third object of the present Invention to 
provide a single stage microactuator for multidimension- 
al actuation with multi-folded springs, in which any mo- 
tion excluding motion in the x- and y-directlons is effec- 
tively suppressed. 

[0009] It is a fourth object of the present invention to 
provide a multidimensional single stage microactuator 
with multi-folded springs, in which a stage can be en- 
larged by an effective arrangement structure and thus 
the microactuator can be applied to actuate a large, 
high-density storage device. 

[0010] To achieve the first object of the present inven- 
tion, there is provided a single stage microactuator for 
multidimensional actuation, comprising: a substrate; a 
fixed plate electrode formed at the center of the sub- 
strate; a rectangular stage having first and second sides 
which are perpendicular to each other, the rectangular 
stage being located above the fixed plate electrode; a 
plurality of drive frame parts arranged close to each of 
the first and second sides of the stage, each of the drive 
frame parts having a plurality of drive frames parallel to 
one another and perpendicular to the sides of the rec- 
tangular stage; first spring parts each for connecting the 
first and second sides of the stages and the drive frame 
parts, each of the first spring parts having a plurality of 
spring members extending parallel to the first and sec- 
ond sides of the stage and a plurality of spring holding 
members for holding the spring members; a plurality of 
fixed frame parts arranged on each of the first and sec- 
ond sides of the stage, each of the fixed frame parts hav- 
ing a plurality of parallel fixed frames alternately ar- 
ranged with the drive frames of the drive frame parts; 
drive comb electrodes extending parallel to one another 
and parallel to the first or second sides of the stage, from 
the drive frames of each of the drive frame parts; fixed 
comb electrodes extending parallel to one another from 
the fixed frames of each of the fixed frame parts and 
being interdigitated with the drive comb electrodes; and 
second spring parts each for supporting the drive frame 
parts with respect to the substrate and urging the drive 
frame parts in the direction of the drive comb electrodes 
by its elastic bias, each of the second spring parts hav- 
ing a plurality of spring members extending parallel to 
the drive frames of the drive frame parts and a plurality 
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of spring holding members for holding the spring mem- 
bers. 

[001 1] It is preferable that the drive frames of each of 
the drive frame parts are connected by auxiliary drive 
frames at right angles to form a rectangular lattice struc- 
ture. The fixed frames of each of the fixed frame parts 
may be fixed to the substrate and may bee separately 
and etectricatly connected for each of the fixed frame 
parts. 

[0012] It is preferable that each of the fixed frames of 
the fixed frame parts is located in one unit frame region 
formed by the drive frames and auxiliary drive frames, 
and the fixed frames are separately and electrically con- 
nected for each of the fixed frame parts. 
[0013] it Is preferable that ends of the spring members 
of the first and second spring parts are formed by spring 
connecting elements, and each of the spring holding 
members is located between neighboring spring mem- 
bers to connect the same and has a length shorter than 
the spring members, and one side of the second spring 
parts is connected to a spring support fixed to the sub- 
strate. 

[0014] It is preferable that each of the spring holding 
members of the first and second spring parts comprises 
a plurality of connecting plates arranged in a zigzag pat- 
tern at a predetermined angle with respect to the spring 
members to connect neighboring spring members. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The above objects and advantages of the 
present invention will become more apparent by de- 
scribing in detail preferred embodiments thereof with 
reference to the attached drawings in which: 

FIG. 1 is a plan view of a preferred embodiment of 
a single stage microactuator for multidimensional 
actuation with multi-folded springs according to the 
present invention; 

FIG. 2 is an extracted perspective view showing the 
structure of drive comb electrodes and fixed comb 
electrodes of the single stage microactuator with 
the multi-folded springs according to the present in- 
vention; 

FIG. 3 is an extracted perspective view showing the 
structure of a spring portion of the single stage 
microactuator with the multi-folded springs accord- 
ing to the present invention; 
FIG. 4 is a sectional view taken along line A-A of 
FIG. 1: 

FIG. 5 Is a sectional view taken along line B-B of 
FIG. 1; 

FIG. 6 shows arrangement of voltages applied to 
operate the single stage microactuctor with the mul- 
ti-folded springs according to the present invention; 
FIG. 7 shows a simplified view of the single stage 
microactuctor with the multi-folded springs accord- 
ing to the present Invention, illustrating the principle 



of operation of the same; 

FIG. 8 is a simplified plan view of the single stage 
microactuator with the multi-folded springs accord- 
ing to the present invention, illustrating one-dlmen- 

5 sional actuation; 

FIG. 9 Is a simplified plan view of the single stage 
microactuator with the multi-folded springs accord- 
ing to the present invention. Illustrating two-dimen- 
sional actuation; 

10 FIG. 10 shows the original shape of a multi-folded 
spring part of the single stage microactuator ac- 
cording to the present invention before being de- 
formed; 

FIG. 11 shows a multi-folded spring part of the sin- 
15 gle stage microactuator according to the present in- 
vention being pulled by actuation in a direction; and 
FIG. 12 shows a multi-folded spring part of the sin- 
gle stage microactuator according to the present in- 
vention being can be pressed by actuation in a di- 
20 rection. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] Referring to FIG. 1 , in a preferred embodiment 
25 of a multidimensional single-stage microactuator ac- 
cording to the present invention, a stage 41, which is 
rectangular, having first and second sides at right angles 
to each other, on which a medium is to be mounted, is 
located at the center of a rectangular substrate 11 . 
30 [001 7] A plurality of drive frame parts 33 are arranged 
in each side region around the stage 4 1 . The drive frame 
part 33, formed as a rectangular lattice, includes a plu- 
rality of drive frames 33a extending parallel to one an- 
other in a direction perpendicular to each of the first and 
35 second sides of the stage 41 and a plurality of auxiliary 
drive frames 33b connecting the drive frames 33a of 
each side region. 

[0018] As shown in FIG. 2, each of the drive frame 
33a has a plurality of drive comb electrodes 22 extend- 

40 ing parallel to one another in a direction parallel to each 
side of the stage 41. Each of a plurality of fixed frames 
21 , which will be described later, has parallel fixed comb 
electrodes 32 interdigitated with the parallel drive comb 
electrodes 22 of each of the drive frames 33a. As shown 

45 In FIG. 1 , a plurality of first spring parts 31 are located 
between each side of the stage 41 and each of the drive 
frame parts 33. 

[0019] Referring to FIG. 3. the first spring parts 31 in- 
clude a plurality of spring members 31a, which are rec- 

50 tangular and parallel to one another, extending in a di- 
rection parallel to a side of the stage 41 and a plurality 
of spring holding members 31 b Interposed between 
each of the spring members 31a. Each of the spring 
holding members 31 b is formed of a plurality of small 

55 connecting plates 36 arranged in a zigzag pattern at a 
predetermined angle with respect to the spring mem- 
bers 31a such that it has a stiffness strong enough to 
hold each of the spring members 31a. Each of the spring 
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members 31a Includes beam spring elements 37 corre- 
sponding to the longer sides of the spring members 31 
a, excluding a region contacting each of the spring hold- 
ing members 31b, and beam spring connecting ele- 
ments 38 corresponding to the shorter sides of the 
spring members 31 a, each having a stiffness strong 
enough to connect and support the beam spring ele- 
ments 37. Here, the length of the beam spring elements 
37 and the number of spring members 31a are deter- 
mined such that the first spring parts 31 can provide a 
relatively strong stiffness in an Intended displacement 
direction of the stage 41 and in a direction perpendicular 
to the same. Second spring parts 35, which will be de- 
scribed later, have the same structure as the first spring 
parts 31. 

[0020] FIG. 4 is a sectional view taken along line A-A 
of FIG. 1 , showing the relation of the second spring parts 
35 and the drive main frame parts 33. A plurality of fixed 
frames 21 , which constitutes a fixed frame part for each 
side of the stage 41, are located In each of the drive 
frame parts 33. The fixed frames 21 are arranged alter- 
nately with and parallel to the drive frames 33a. Each of 
the fixed frames 21 is located in a rectangular unit frame 
region of the drive frame parts 33 having a lattice struc- 
ture (see FIG. 2). The fixed frames 21 for each side of 
the stage 41 are electrically connected each other by a 
wire electrode 17 and connected to a fixed frame elec- 
trode pad 13 positioned at each corner of the substrate 
11. The drive frame parts 33 are electrically connected 
to an external circuit (not shown) through the second 
spring parts 35 and a drive frame electrode pad 18 
formed on the spring support 12. 
[0021] FIG. 5 is a sectional view taken along line B-B 
of FIG. 1 , showing the relation of the stage 41 , the first 
spring parts 31, and the drive frame parts 33 adjacent 
to the first spring parts 31 . The drive frame parts 33 for 
each side of the stage 41 is supported by a plurality of 
second spring parts 35. Each of the second spring parts 
35, which supports the drive frame parts 33 with respect 
to the substrate 11 and urges the drive frame parts 33 
in the direction of the drive comb electrodes 22 by its 
elastic bias, includes a plurality of spring members 31a 
extending in a direction parallel to the drive frames 33a 
of the drive frame part 33 and a plurality of spring holding 
members 31 b for holding the spring members 31 a. One 
side of each of the second spring parts 35 is connected 
to each of the drive frame parts 33 and the other side Is 
connected to a spring support 12 attached to the sub- 
strate 11. A fixed plate electrode 14 is located below the 
stage 41 on the substrate 11 and is connected to a fixed 
plate electrode pad 16 positioned at one corner of the 
substrate 11 by a wire electrode 15. 
[0022] FIG. 6 shows arrangement of voltages applied 
to operate the multidimensional single-stage microactu- 
ator with the multi-folded springs according to the 
present invention. Reference numerals 73, 74, 75, and 
76 represent voltages. The stage 41 moves In x- and y- 
directions on a plane by using electrostatic force pro- 



duced due to a drop in voltage between the drive comb 
electrodes 22 and the fixed comb electrodes 32. Elec- 
trostatic force is exerted in four directions, I.e., to the 
right (positive x-direction) and left (negative x-direction) 

5 of the stage 41 and above (positive y-direction) and be- 
low (negative y-direction) the stage 41. The strength of 
the electrostatic force is varied by the difference in volt- 
age between the fixed comb electrodes 32 and the drive 
frame electrodes 22, which are separately connected for 

10 each side of the stage 41, so that the amount of dis- 
placement of the stage 41 is controlled. The stage 41 
may move in a direction perpendicular to the actuating 
plane due to gravity or an external load placed on the 
stage 41 . To prevent vertical motion of the stage 41 . an 

15 attraction force is applied between the fixed plate elec- 
trode 14 and the stage 41 by adjusting a voltage 77 ap- 
plied to the fixed plate electrode 14. 
[0023] A simplified model for illustrating the principle 
of actuating the single stage 41 having one electrode by 

20 the drive frame parts 33 is shown In FIG. 7. When In- 
tending to actuate the stage 41 in the positive x-direc- 
tion, an electrostatic force 61 is produced by a drop in 
voltage between the drive comb electrodes 22x and 22x' 
and fixed bomb electrodes 32x and 32x', which are in- 

25 terdigitated in the drive frame parts 33x and 33x* aligned 
with the stage 41 In the y-direction. The stage 41 moves 
in the positive x-directlon to a position 51, as shown in 
FIG, 8, as a result of the electrostatic force 61. At this 
time, the second spring parts 35x and 35x' connected 

30 to the drive frame parts 33x and 33x* is pulled and 
pressed to allow the drive frame portions 33x and 33x' 
to move in the actuating direction. As the first spring 
parts 31x and 31 x* having one end connected to the 
drive frame parts 33x and 33x' move without being de- 

35 formed in the positive x-direction along with the drive 
frame parts 33x and 33x', the stage 41 connected to oth- 
er ends of the first spring parts 31 x and 31x' moves in 
the actuating direction, i.e., positive x-direction. The first 
spring parts 31 y and 31 y' connected between the stage 

40 41 and the drive frame parts 33y and 33y', which are 
actuated in the y-direction, are pulled and pressed in the 
positive x-direction while being supported by the drive 
frame parts 33y and 33y'. For actuation in the y-direc- 
tion, the drive frame parts 33y and 33y' move according 

45 to the same principle as for actuation in the x-direction. 
[0024] When electrostatic forces 61 and 62 act in the 
positive x-direction and negative y-direction for biaxial 
actuation, the stage 41 is displaced to a position 52, as 
shown in FIG. 9. That is, actuation in both directions oc- 

50 curs concurrently. As the drive frame parts 33x, 33x', 
33y, and 33y' are actuated in different directions, the first 
spring parts 31x, 31 x', 31y, and 31y' act to move the 
stage 41 in the actuating directions of the drive frame 
parts 33x, 33x', 33y. and 33y' while being pressed or 

55 pulled to allow the stage 41 to be displaced In the actu- 
ating directions, which are perpendicular to each other. 
Due to the multi-folded structure of the springs, a cou- 
pling of motions in the actuating directions does not oc- 
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cur. 

[0025] FIG. 10 shows the original shape of one of the 
second spring parts 35 before deformation. FIGS. 11 
and 12 show the second spring parts 35 being deformed 
when the drive frame parts 33 are actuated in directions 
81 and 82, respectively. The same deformation occurs 
for the first spring parts 31. The second spring parts 35 
are pulled in FIG. 11 and pressed in FIG. 12. 
[0026] The microactuator according to the present in- 
vention can be used for a storage medium. The micro- 
actuator according to the present invention enables 
multidirectional actuation with only one electrode and 
can be manufactured by a simple process without the 
need for an insulation process. Even when a stage for 
receiving a relatively large storage medium is mounted 
on the microactuator, motions other than x-y stage mo- 
tion does not occur due to the multi-folded structure of 
support springs. In addition, coupling of motions in dif- 
ferent directions does not occur due to the multi-folded 
structure of the support springs. Space utilization effi- 
ciency for the microactuator according to the present in- 
vention is increased by maximizing the area of the stage 
(storage area) with respect to the entire size of the 
microactuator. 

[0027] While this invention has been particularly 
shown and described with reference to preferred em- 
bodiments thereof, it will be understood by those skilled 
in the art that various changes In form and details may 
be made therein without departing from the spirit and 
scope of the invention as defined by the appended 
claims. 



Claims 

1. A single stage microactuator for multidimensional 
actuation, comprising: 

a substrate (11); 

a fixed plate electrode (14) formed at the center 

of the substrate; 

a rectangular stage (41 ) having first and second 
sides which are perpendicular to each other, 
the rectangular stage being located above the 
fixed plate electrode; 

a plurality of drive frame parts (33a) arranged 
close to each of the first and second sides of 
the stage, each of the drive frame parts having 
a plurality of drive frames parallel to one anoth- 
er and perpendicular to the sides of the rectan- 
gular stage; 

first spring parts (31 ) each for connecting the 
first and second sides of the stages and the 
drive frame parts, each of the first spring parts 
having a plurality of spring members (31 a) ex- 
tending parallel to the first and second sides of 
the stage and a plurality of spring holding mem- 
bers (31 b) for holding the spring members; 



a plurality of fixed frame parts (21) arranged on 
each of the first and second sides of the stage, 
each of the fixed frame parts having a plurality 
of parallel fixed frames alternately arranged 

s with the drive frames of the drive frame parts; 

drive comb electrodes (22) extending parallel 
to one another and parallel to the first or second 
sides of the stage, from the drive frames of each 
of the drive frame parts; 

10 fixed comb electrodes (32) extending parallel 

to one another from the fixed frames of each of 
the fixed frame parts and being interdigitated 
with the drive comb electrodes; and 
second spring parts (35) each for supporting 

IS the drive frame parts with respect to the sub- 

strate and urging the drive frame parts in the 
direction of the drive comb electrodes by its 
elastic bias, each of the second spring parts 
having a plurality of spring members extending 

20 parallel to the drive frames of the drive frame 

parts and a plurality of spring holding members 
for holding the spring members. 

2. The single stage microactuator of claim 1, wherein 
25 the drive frames of each of the drive frame parts are 

connected by auxiliary drive frames at right angles 
to form a rectangular lattice structure. 

3. The single stage microactuator of claim 1 or 2, 
30 wherein the fixed frames of each of the fixed frame 

parts are fixed to the substrate and are separately 
and electrically connected for each of the fixed 
frame parts. 

35 4. The single stage microactuator of claim 2 or 3, 
wherein each of the fixed frames of the fixed frame 
parts is located in one unit frame region formed by 
the drive frames and auxiliary drive frames, and the 
fixed frames are separately and electrically con- 

40 nected for each of the fixed frame parts. 

5. The single stage microactuator of any of claims 1 
to 4, wherein ends of the spring members of the first 
and second spring parts are formed by spring con- 

45 necting elements, and each of the spring holding 
members is located between neighboring spring 
members to connect the same and has a length 
shorter than the spring members, and one side of 
the second spring parts is connected to a spring 

50 support fixed to the substrate. 

6. The single stage microactuator of any of claims 1 
to 5, wherein each of the spring holding members 
of the first and second spring parts comprises a plu- 

55 rality of connecting plates arranged in a zigzag pat- 
tern at a predetermined angle with respect to the 
spring members to connect neighboring spring 
members. 
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